Background: Immunotherapy is a new paradigm for the treatment of nonsmall-cell lung cancer (NSCLC), and targeting the PD-1 or PD-L1 pathway is a promising therapeutic option. Although PD-1/PD-L1 inhibitors are more effective than standard chemotherapy in lung cancer, clinicians are afraid to actively use them because of hyperprogression and pseudoprogression. The aim of this study was to investigate the factors associated with tumor response and serious outcomes. Methods: We retrospectively collected the medical records of 51 patients with advanced NSCLC who received PD-1/PD-L1 inhibitors between January 2016 and February 2018. Results: The mean patient age was 63.9 years, and 72.5% (37/51) were male. Most (92.2%, 47/51) had received previous systemic treatment. The overall response rate was 21.6% (11/51). The response rate was significantly lower in patients with pleural or pericardial metastasis than in patients without pleural or pericardial metastasis (4.3% vs. 35.7%; P = 0.007). Patients with pleural or pericardial metastasis had a significantly higher rate of adverse events of any grade (91.3% vs. 50.0%; P = 0.002) and grade 3-5 adverse events (52.2% vs. 25.0%; P = 0.046). Conclusion: Pleural or pericardial metastasis is a significant factor affecting the efficacy and rate of adverse events in advanced NSCLC patients treated with PD-1/PD-L1 inhibitors. Clinicians should pay attention to the use of immune checkpoint inhibitors in lung cancer patients with pleural or pericardial metastasis.
Introduction
Until recently, standard treatment for advanced non-small cell lung cancer (NSCLC) patients without actionable mutations was platinum-based chemotherapy. The median overall survival (OS) in such patients was approximately one year, and the prognosis was poor. 1 Recently, drugs targeting the immune checkpoint pathway based on the mechanism of immune evasion of cancer have been developed. These drugs show promising effects in various cancers, particularly melanoma and NSCLC. Immunotherapy is changing the paradigm of NSCLC treatment.
One feature of cancer is immune escape, which is complicated and difficult to overcome; the immune checkpoint is considered an important step in immune escape. Immune checkpoint inhibitors bind to the PD-1 receptor or PD-L1 and allow activated T cells to attack tumor cells by blocking the binding of the PD-1 ligand of tumor cells to the PD-1 receptor of immune cells. [2] [3] [4] [5] The efficacy and safety of immune checkpoint inhibitors in advanced NSCLC have been demonstrated in various clinical trials. Checkmate 017 and 057, KENOTE-010, OAK, and POLAR trials reported superior efficacy and survival benefits of nivolumab, pembrolizumab, and atezolizumab in patients with previously treated NSCLC. [6] [7] [8] [9] [10] [11] In KENOTE-024, pembrolizumab was associated with significantly longer progression-free survival (PFS) and OS in previously untreated advanced NSCLC patients with high PD-L1 expression (tumor proportion score [TPS] ≥ 50%), compared to platinum-based chemotherapy. 12 Many studies have shown that PD-1/PD-L1 inhibitors exhibit less toxicity and greater efficacy than platinum-based chemotherapy; however, only approximately 20% of unselected patients benefit from PD-1/PD-L1 inhibitors. Many studies have investigated the potential predictive biomarkers of the efficacy of immune checkpoint inhibitors, including PD-L1 expression, tumor mutation burden, and tumorinfiltrating lymphocytes, but this area is still unclear. 13, 14 The use of PD-1/PD-L1 inhibitors in an unselected population is challenging considering the more frequent immune-related adverse events (AEs), such as pneumonitis, rash, and hypothyroidism, and the low benefits and high costs. 15 In addition, early negative discordant crossover of OS curves commonly occurred in randomized controlled trials of immune checkpoint inhibitors. The cause of this mortality is unclear, but it may be a result of immune checkpoint inhibitor toxicity and the tumor growth-promoting effects of immunotherapy. 16 The clinicopathologic features of patients who have serious AEs (SAEs) associated with PD-1/PD-L1 inhibitors are unknown, and there is no precise biomarker to predict side effects following immunotherapy.
The purpose of this study was to investigate the clinicopathologic factors associated with tumor response and serious outcomes following immunotherapy and establish a subpopulation of patients at higher risk of SAEs caused by immunotherapy.
Methods Patients
We retrospectively collected and analyzed the medical records of 51 patients with advanced NSCLC who received PD-1/PD-L1 inhibitors between January 2016 and February 2018. The eligibility criteria were: histological or cytological confirmation of NSCLC; age ≥ 18 years; Eastern Cooperative Oncology Group performance score (ECOG PS) of 0-2; administered more than one dose of atezolizumab, nivolumab, or pembrolizumab; and no prior therapy using an immune checkpoint inhibitor, regardless of PD-L1 status. PD-L1 expression was assessed using the PD-L1 immunohistochemical 22C3 pharmDx kit (Dako North America, Carpinteria, CA, USA). Patients with advanced or metastatic disease before immunotherapy, including recurrence or progression after surgery, even at an early stage of diagnosis, were enrolled. Patients who had EGFR mutations or ALK rearrangement were included if the disease progressed after targeted therapy.
Patients were ineligible if: they were receiving immunosuppressive treatment or systemic glucocorticoids; or if they had other malignant disease, uncontrolled autoimmune disease, active interstitial lung disease, or uncontrolled disease that might have affected survival.
Treatments
Patients were administered intravenous atezolizumab (1200 mg every 3 weeks), nivolumab (3 mg per kg of body weight every 2 weeks), or pembrolizumab (200 mg in previously untreated patients and 2 mg per kg of body weight every 3 weeks in previously treated patients). Treatment was continued until the patient had confirmed investigator-assessed disease progression, had unacceptable SAEs, or withdrew consent. Patients whom the investigator assessed may obtain a clinical benefit could continue treatment after radiologic disease progression.
Response and adverse events
Computed tomography (CT) was performed every six to eight weeks during treatment. The response to treatment was assessed based on Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Toxicities were reviewed, and a complete blood count with a differential count, blood chemistry panel, and vital signs were assessed every two or three weeks during treatment. AEs were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. Dysimmune toxicities caused by immune system imbalance, which mainly involve the skin, gut, liver, endocrine glands, or lung but can affect any tissue, were categorized as immune-related AEs. 17 
Statistical analysis
Fisher's exact and independent t-tests were used to analyze differences in patients' clinicopathological data. Multivariate analyses were performed using logistic regression analysis. Results are shown as the mean AE standard deviation, and P < 0.05 was considered statistically significant. Survival was estimated using the Kaplan-Meier method, and survival rates were compared using the log-rank test. SPSS version 20 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses.
The baseline characteristics of the included patients are shown in Table 1 . The mean age was 63.9 years (range: 33-86), and 72.5% (37/51) were male. Current or former smokers accounted for 66.7% (34/51). The histologic types of tumors were squamous cell carcinoma (51.0%), adenocarcinoma (35.3%), mixed type (7.8%), and other (5.9%).
Most patients had an ECOG PS score of 0 or 1. Some patients with early-stage carcinomas at diagnosis were also included in the study, but the stage prior to immunotherapy was IIIB or higher. Immediately before immunotherapy, there were 10 patients without distant metastasis, 23 with pleural or pericardial metastasis, 2 with lung-tolung metastasis, and 16 with distant metastasis. Of the 39 (76.5%) patients whose tumor samples were assessable for PD-L1 expression, 34 (87.2%) had PD-L1 expression on at least 1% of tumor cells, including 23 (59.0%) with PD-L1 expression on at least 50% of tumor cells. Most patients (92.2%, 47/51) had received at least one line of previous systemic treatment: 49.0% had received pembrolizumab, 39.2% nivolumab, and 11.8% atezolizumab. The mean number of treatment cycles of immune checkpoint inhibitors was 5.69 (range: 1-21).
Efficacy
The overall response rate, assessed according to RECIST, was 21.6%. The disease control rate including partial response (PR) and stable disease (SD) was 47.1%. Response evaluation was not conducted in 6 patients (11.8%) because of treatment discontinuation as a result of unacceptable SAEs or patient refusal.
To identify the important factors affecting the response rate, we analyzed various epidemiologic and clinical factors ( Table 2 ). There were no statistically significant differences in age, gender, smoking status, PD-L1 expression status, or histology, excluding types of immune checkpoint inhibitors and metastatic sites. The response rate was significantly higher in patients without pleural or pericardial metastasis than in patients with pleural or pericardial metastasis (odds ratio [OR] 25.97, 95% confidence interval [CI] 2.54-265.61; P = 0.006). In addition, patients receiving pembrolizumab had a significantly higher response rate than patients receiving atezolizumab or nivolumab (OR 14.73, 95% CI 2.25-96.34; P = 0.005). Pembrolizumab should be prescribed to patients with high PD-L1 expression (TPS ≥ 50%) and the other drugs to patients with low or no PD-L1 expression (TPS < 50%). The efficacy of PD-1/PD-L1 inhibitors differs between patients with high PD-L1 expression and those with low or no PD-L1 expression.
Pleural or pericardial metastasis
Pleural or pericardial metastasis was confirmed by cytology and/or biopsy or by imaging studies, including CT and 18 F-fluorodeoxyglucose (FDG)-positron emission tomography (PET). In principle, pleural or pericardial metastases should be confirmed by cytology and/or biopsy; however, if pathologic diagnosis was difficult because of low effusion, the chest CT findings of a radiologist and FDG-PET findings of a nuclear medicine specialist were combined. FDG-PET combined with CT has high specificity and accuracy for the detection of pleural malignancies. 18, 19 In the 23 patients with pleural or pericardial metastases included in this study, 11 were diagnosed by cytology and/or biopsy and 12 via a combination of FDG-PET and CT.
Patients with and without pleural or pericardial metastasis were analyzed separately (Table 3 ). There were no significant differences between the groups in age, gender, smoking status, histology, EGFR mutation status, PD-L1 expression, ECOG PS, number of prior regimens, type of agent, or number of distant metastases. Among the patients with pleural or pericardial metastasis, 20 (87.0%) had pleural metastases, 2 of which also had pericardial involvement and 2 had peritoneal seeding. Three patients had pericardial invasion alone.
Of the patients with pleural or pericardial metastasis, 1 (4.3%) achieved a PR with an immune checkpoint inhibitor, and 6 (26.1%) had SD. In patients without pleural or pericardial metastasis, 10 (35.7%) achieved a PR, and 7 (25.0%) had SD. The response rate was significantly lower in patients with pleural or pericardial metastasis than in patients without (4.3% vs. 35.7%; P = 0.007).
The one patient who achieved a PR despite pleural metastasis had received 12 cycles of an immune checkpoint inhibitor and was still receiving the treatment. The patient had received pembrolizumab as first-line treatment because the tumor sample had high PD-L1 expression (TPS ≥ 50%). In addition, the patient underwent the first treatment with a chest catheter insertion because of a large amount of pleural effusion at diagnosis. All six patients with an SD response in the pleural or pericardial metastasis group had received > 5 cycles of immunotherapy, and their diseases were consistently well controlled.
The median PFS of patients without pleural or pericardial metastasis was 4.0 months (95% CI 2.0-6.0), which was significantly longer than that of patients with pleural or pericardial metastasis (1.6 months, 95% CI 1.4-1.8).
The median OS of patients without pleural or pericardial metastasis was 9.3 months (95% CI 0.8-17.8), which was longer than that of patients with pleural or pericardial metastasis (6.1 months, 95% CI 0.0-12.8), although this difference was not statistically significant (Fig 1) . 
Adverse events
Adverse events of any grade occurred in 35 (68.6%) patients, and grade 3 or greater in 19 (37.3%) ( Table 4) . The most common any-grade AEs were fatigue (29.4%) and dyspnea (9.8%). Stomatitis, nausea, vomiting, or back pain occurred in four patients (7.8%). Pleural effusion, ascites, rash, or constipation occurred in three patients (5.9%). Pruritus, insomnia, elevated alanine aminotransferase level, anorexia, or pericardial effusion occurred in two patients (3.9%). Of these, seven patients (13.7%) experienced immune-related AEs (irAEs). The most common irAE was a rash (n = 3). Other irAEs included liver dysfunction (n = 2), hypothyroidism (n = 1), and pneumonitis (n = 1). Most irAEs were mild (grade 1-2), except for one case of grade 3 pneumonitis. Patients with pleural or pericardial metastasis had significantly higher any-grade AEs (91.3% vs. 50.0%; P = 0.002) and grade 3-5 AEs (52.2% vs. 25.0%; P = 0.046). Grade 3-5 AEs occurred in 12 patients with pleural or pericardial metastasis and included: dyspnea (3 patients); pleural effusion (3 patients); fatigue (2 patients); and elevated alanine aminotransferase levels, ascites, pericardial effusion, and back pain (1 patient each). SAEs occurred in five patients, all of whom had pleural or pericardial metastasis.
Serious adverse events
Three patients discontinued immunotherapy as a result of SAEs and two patients died (Table 5 ). These were not considered clinically as treatment-related deaths because of the patients' unstable condition before drug administration. The changes on chest radiography before and after PD-1/PD-L1 inhibitor administration in patients who discontinued immunotherapy as a result of SAEs are shown in Figure 2 . Within one to two weeks after immunotherapy, all three patients developed respiratory distress symptoms with a sudden increase in pleural or pericardial effusion that required intervention, such as catheter insertion or thoracentesis, and hospitalization.
Discussion
To our knowledge, this is the first study to identify various clinicopathologic factors in relation to AEs and SAEs in advanced NSCLC patients administered immune checkpoint inhibitors. In addition, we investigated patients who required attention prior to the administration of PD-1/PD-L1 inhibitors.
In our study, the response rate to immune checkpoint inhibitors was 21.6% (11/51), regardless of the status of PD-L1 expression, similar to the 20% rate reported in realworld settings. 20 Of the 23 patients with high PD-L1 expression (TPS ≥ 50%), 19 (82.6%) had received pembrolizumab. The response rate of these patients was 31.6% (6/19), higher than the efficacy observed among all patients in this study. In the group with high PD-L1 expression, pembrolizumab was preferentially used, and the first-line setting was also included, such that the response to pembrolizumab was significantly higher than those to the other immunotherapeutic agents. Any-grade AEs after immunotherapy occurred in 35 (68.6%) patients, and grade 3 or higher AEs in 19 (37.3%) of 51 patients. This incidence is higher than previously reported grade 3-5 treatmentrelated AEs of 9.5% (pembrolizumab) and 13% (nivolumab), probably because this study was conducted in a real clinical setting. Three patients (5.9%) experienced AEs that led to treatment discontinuation, similar to the 4-6% rate reported in a phase III trial of PD-1/PD-L1 inhibitors. 9 In analysis of the factors associated with a significant difference in the efficacy and AEs of immunotherapy, patients with pleural or pericardial metastasis had a significantly lower response rate and more AEs. Grade 3-5 and any-grade AEs were significantly more common in patients with pleural or pericardial metastasis (Table 3) . Most of these patients had wet metastasis, such as malignant pleural or pericardial effusion, but three patients had pleural or pericardial nodules without effusion. Patients with pleural or pericardial metastasis may more often develop SAEs and exhibit a poor response following the use of an immune checkpoint inhibitor because of the large disease burden itself or because the immunologic reaction is more aggressively exhibited in patients with pleural or pericardial metastasis. Most patients (80.4%, 41/51) had distant metastases before immunotherapy. Of 23 patients with pleural or pericardial metastasis, 15 had metastasis to other solid organs (bone, lung, liver, or brain), as well as pleural or pericardial metastasis. Although the presence of pleural or pericardial metastasis may indicate that the disease burden was high, the number of distant metastases was not significantly different between the groups (with vs. without pleural or pericardial metastasis). Therefore, the results of this study were not simply caused by differences in tumor burden. Although the three patients who discontinued immunotherapy because of SAEs had a small amount of pleural effusion or ascites not requiring drainage before administration of the immune checkpoint inhibitor, pleural effusion or ascites rapidly increased to then require intervention, such as chest catheter insertion or paracentesis, and symptoms such as dyspnea or abdominal distension were observed within one to two weeks after administration of the PD-1/PD-L1 inhibitor. This phenomenon can be considered an immune-related reaction or pseudoprogression. In a similar report of two cases, recurrent effusions may have been secondary to pseudoprogression because the patients showed disease improvement after continuous immunotherapy. 21 Generally, there are many lymphocytes in malignant pleural effusion and pericardial effusion; thus, re-activated lymphocytes could cause more frequent and severe immunologic reactions in these lymphocyte-enriched niches.
Pseudoprogression, which is defined as initial tumor growth followed by subsequent tumor regression, has been described with immunotherapy. 22, 23 However, it has not been sufficiently investigated as many studies have focused mainly on efficacy, as the number of patients using an immune checkpoint inhibitor has increased dramatically. In Checkmate 017, of the 135 patients, 28 (20.7%) were treated with nivolumab after initial progression as defined by RECIST version 1.1, with 9 patients displaying a nonconventional pattern of benefit. 7 Checkmate 057 showed that 71 patients treated with nivolumab (24%) continued treatment after initial progression, of whom 16 (23%) had a nonconventional pattern of benefit. 6 As reported in two studies, the incidence of pseudoprogression is uncommon, at 5-6%. The mechanism and pattern of pseudoprogression and its impact on the efficacy of immunotherapy have not been clearly established; it is based on clinicians' judgment after combining radiologic and clinical findings. When progression is identified in a response assessment, if it is pseudoprogression, continued immunotherapy may be helpful to the patient, but if it is real progression, the patient may miss the opportunity to be treated with other medications. Therefore, it is necessary to discriminate between pseudoprogression and true progression during immunotherapy. In a case of pseudoprogression in a melanoma patient with brain metastasis, histopathologic results showed that there was a small cluster of tumor cells, rare CD4 T lymphocytes, and few CD8 T lymphocytes, but hemorrhage, reactive astrocytosis, and inflammatory cells were observed around the tumor cells. 24 In patients with pleural or pericardial metastasis, body fluid analysis before and after treatment may be helpful in differentiating pseudoprogression, and further studies are needed in the future.
In most cancers, tumor-associated macrophages (TAMs) have been identified as a major component of inflammatory infiltrated cells. 25 TAMs are also a major component of malignant pleural effusion, which is associated with cancer progression. 26 When analyzed for malignant pleural effusion in patients with lung cancer, the proportion of PD-1 + , Tim-3 + , and CTLA-4 + cells in CD4 and CD8 T cells was higher than in paired peripheral blood. 27 In other words, because PD-1 expression is higher in malignant effusion than in peripheral blood, the use of PD-1/PD-L1 inhibitors may induce excessive immune reactions, resulting in an increased amount of effusion. This may lead to more frequent immune-related side effects in patients with malignant pleural effusion, but few have been identified.
A limitation of this study is the small number of patients, which was not sufficient to allow us to generalize the results. In addition, it is difficult to explain the mechanism of low efficacy and greater AEs in patients with pleural or pericardial metastasis treated with an immune checkpoint inhibitor. Some patients with pleural or pericardial metastasis experienced disease improvement without side effects. Investigation into the clinicopathologic factors that differ depending on the presence or absence of response or side effects in patients with pleural or pericardial metastasis is needed, and larger patient samples to reach statistical significance. Analyzing T cells and inflammatory cytokines in fluid samples such as pleural effusion, pericardial effusion, or ascites before and after treatment with immune checkpoint inhibitors in patients with pleural or pericardial metastasis may be helpful to understand these mechanisms, and additional research in this area is needed.
In conclusion, patients with pleural or pericardial metastasis receiving immunotherapy have a significantly poorer prognosis, with low efficacy and more common and serious AEs. Clinicians should pay attention to the use of immune checkpoint inhibitors in lung cancer patients with pleural or pericardial metastasis.
